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(54) Etching solution for copper or copper alloy 

(57) An etching solution for copper or copper alloys 
comprising, (a) sulfuric acid, (b) a persulfate. (c) at least 
one compound selected from imidazole, imidazole deriv- 
atives, pyndme derivatives, tnazme. and inazme deriva- 
tives, and (d) water The etching solution exhibits a high 
etching speed and aoes not o**dize the copper surfaces 
after etching 
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Description 

BACKGROUND OF THE INVENTION 



"5 Field of the Invention 

The present invention relates to an etching solution for copper or copper alloys which is useful for preventing rustm.Q 
of the copper or copper alloy surfaces and for roughening these surface^ 

w Description of the Background Art 

In the manufacture of printea-winng boards, cooper surfaces aie roughened m order to improve adhesion of resms 
such as etching resists or solder ies>sis :o be coated on the copper surfaces Mechanical cleaning using a butting or 
scrubbing machine or chemical cleaning, called microetchmg. are used for roughening copper surfaces Cnemical clear. 

is mg is more popular lor treating substrates with fine Ime patterns 

Conventionally, persuifate-type etching solutions which comprise sul'unc acid and a persulfate have been used for 
chemical cleaning. These etching solutions have drawbacks such as a slow etching speed and a tenoency for polisheo 
surfaces to be easily oxidized. Because of this, sulfuric acid-hydrogen peroxide type etching solutions which are free 
from these problems are being accepted in spite of the high cost. 

20 However, the demand for persulfate-type etching solutions is not msignrficant because of the low cost There is a 

Strong demand to solve of the above-mentioned problems associated with persulfate-type etching sofuiions 

SUMMARY OF THE INVENTION 

25 The present inventors have conducted extensive studies in order to develop a tow cost persulfate-type etching solu- 

tion, and have found ihat an etching solution which exhibits a high etching speed and does not oxidize polished surfaces 
can be prepared by adding imidazole, an imidazole derivative, a pyridine derivative, triazine, or a triazine derivative. 
Accordingly, an object of the present invention is to provide an etching solution for copper or copper alloys compr ismg. 

" jo (a) an inorganic acid. 

(b) a persulfate. 

(c) at least one compound se^ecied from imidazole, imidazole derivatives, pyridine oenvatives. tnazme. and tnazme 
derivatives, and 

(d) water 

35 

In a preferred embodiment of the present invention, sa/d etching solution furiner comprises (e) amidosuifunc aac 
or an aliphatic sulfonic acid 

Other objects, features and advantages of the invention will hereinafter become more readily apparent from the 
following description 

40 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

.-- An inorganic acid «s added to the persulfate-type etching solution tor the purposes of stabilizing the etching speec 

and ensuring homogeneous etching without uneveness Specrfic examples of the inorganic acid include sulfuric aoo 

45 hydrochloric aod. and the like Sulfuric acid is preferred in view of the easiness in handling 

As examples of the persulfate used in the present invention as component (b). ammonium persulfate. potassium 
persulfate. sodium persulfate. banum persulfate. lithium persulfate. and the like can be given The concentration of the 
persulfate can be selected from the range of 50 g/l to the saturated concentration of persutfate m the aqueous solution, 
and pr eferably from the range of 50-250 g/l. II this concentration is smaller than 50 g/l. sufficient etching capability cannot 

50 be exhibited, resulting in etched products with copper hydroxide remaining on the surface 

Component (c) for the etching solution of the present invention, which is a compound selected from imidazole 
imidazole denvaUves. pyridine derivatives, tnazme. and triazine derivatives, is added to the etching solution lor increasing 
the etching speed and preventing rust on the etched surfaces. Given as examples of the imidazole derivatives are 2- 
methylimidazole. 2-ethylimidazole. 2-propylimidazole. 2-aminoimidazole, 4-methylimidazole, 4-ethylimidazole. 4-pro- 

55 pylimidazole. and the like Examples of the pyridine derivatives include 2-methylpyridine. 2-aminopyridme. 2-ammometh- 
ylpyridine, 2 -carboxy pyridine. 4-methylpyndme. 4-ammopyridine. 4-aminomethylpyndme. and the like. 2.4diamino-6- 
methyltriazine. 2.4<Jiamino-6-ethyltriazme. and the like are given as examples of the triazine derivatives. The concen- 
tration of component (c) in the etching solution is preferably 0.1-10 g/l. and more preferably 0 5- 1 0 g/l. from the viewpoint 
of ensurino an acceptable etching speed and the solubility of the component (c) compounds 
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Amidosuilunc aod or an aliphatic sultomc acd may be lu-ther added to ih e e:ch,n Q solution 0 t the present mvent.on 
as component (e) to suppress decomposition ol the persuliate. Methyl suiion.c ac:d. am.no sulfonic acd ammomeihyi 
suilon.c acid, and the like can be given as examples oi the ahphanc sulfonic acid m v, e w 0 t the soiubii.iy of the componen ( 
(e) m water, the concentration of component (e) in the etching solution .s preferably i • too g'l. ano more preferably t-50g/l. 

Beside the above component, other various additives may be incorporated m the etchmg solution of the present 
mvent.on. Such additives include, lor example, liuorme-iypeor non.onictype surfactants for reoJc.ng me surface tension 
ol ihe solution, .norgan.c acd such as sulfuric aod and phosphor.c acd lor stab-Lrmg me etching speed, ana the like 

The etchmg solution ot the present mvention can be prepared by adding the above-mentioned component at 
proportions described above, to water and blending the mixture. There are no specific lim.tat.ons to the method ol aodi- 
o t,on. The components may be added either all at one t.me or separately in any arbitrary order, lon-exchanged water is 
preferably used as the water 

There are no specific limitations to the method of using the surface etching solution ol the present invent.on Exam- 
ples include a method of spraying the solution to the surfaces of copper or copper alloy to be treated a method of 
immersing the copper or copper alloy in the solution using an immersion conveyer, and the like 

The etchmg solution of the present invention can be widely used for chemical cleaning or the like of copper 0 r copper 
alloys. For example, m the manufacture of multi-layered prmted-winng boards, it can be used for rust-removal and rough- 
ening pr.or to the ox.de treatment ol Ihe copper surface, for roughening t0 improve the adhesiveness of etching res-s.s 
and solder resists, and for rus.-removal and roughening to improve the solderab-Tity. Recently, fluxes with a weak activity 
for which no P°st-ash.ng with (ton , s necessary are widely used for sobering. Because the soldering us ,ng such Muxes 
is greatly arfeaed by the surface cond.t.ons. the use of the etching solution of the present invention, which can perform 
rust-removal, roughening, and rus.-preven.ion at one trme. .s particularly effective as Ihe pre.rea.men, of such soldering 
The etching solution of the present invention, of course, can be used for roughen.ng and rust prevent.on of a variety of 
materials made from copper or copper alloy. 

Other features ol the mvention w,n become apparent in the course of the foilowmg description of the exemplary 
embodiments which are g.ven lor ilius:,at,on ol the mvent.on and are not intended to be l.m.tmg thereof 

EXAMPLES 
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Examples t -8. Comparative Examples i-5 

Etching solutions were prepared by d.ssoiv.ng the components i.sted in Table 1 ,n water Ooubies.ded copper dad 
laminates tor prmted-winng boards (rfi-i, were immersed m a water bath containing me etchmg solution st.rred a. 

h o!° n m ' nU,e '° " 3m ' ne e,Ch ' ng SOeM A " er ,he elCh ' n9 - ,he ,am '"a.es were left ,n an atmosphere a. *0°C 
and 95 /c hh for 24 hours to macroscop.ca/iy examine me formation of rust. The results are shown m Tab-e . wnore.'n 
symbols in the column tor rust lormanon have Ihe lollowmg meanings. 
AAA. No rust was formed 

B8B' Rust was slightly tormec 
CCC: Rust was sign. Leant 

Examples 9- 12. Comparaiive Example 5 

Etching solutions were prepared OyO.SSOlvmg the components listed in Table 2 in water To examine Stability Ol Ihe 
etching solutions. ,0 g oi copper was dissolved m the solutions and the etchino speeds were measured ,n the same 
manner as ,n Example t . .mmed,a,e.y after copper was dissolved and after sionng the sdunon lor 2< hours The results 
are snown m lable 2 
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■The etching solution of the present invention is made from an inexpensive persulfate as a majOr comoonen; 
yet exhibits a high etching speed and an effect of preventing rust or the etched surface 



TABLE 1 





Component (g/l) 


E tch i ng 

spee d 

(nm/min) 


Rust 

format ion 


E/ample 1 


Sod ium persu I fate 
: Su I f jr ic acid 

Imidazole 
1 lon-exchanced water 


165.0 

30.0 

? n 
— • ^ 

82 1 ance 


i 
i 

! i s 
i i - j 

i 

i 

i 


i 
i 

j AAA-B3B 

i 
i 


E/ample 2 


i 

Sod i um pe^su 1 fate 
Sulfuric acid 
2-Methy 1 imidazole 
Ion-exchanged water 


165.0 
30.0 
2.0 
Ba 1 ance 


i 

i 
I 


AAA 

1 


Example 3 


Sod ium persu 1 fate 
Su 1 fur ic ac id 
4-Methy ) imidazo le 
lon-pxrhannprf wAter 


165.0 
30. 0 
2.0 
Ba 1 ance 


2. A 


AAA 


Example -1 j 


Sod ium persu 1 fa te 
Su 1 f ur ic acid 
2-Aminopyr id ine 
I on-exchanged water 


_ 

165.0 : 
30.0 
2.0 
6a lance 


2.0 j 


AAA 


Example 5 


Sodium persu 1 f a te 
Sulfuric acid 
4 - Ami nopyr id ine 
1 on -exchanged »-/ater 


165.0 | 
30 . 0 ' 
2.C 
Balance 1 


2.0 

J 
( 

! 


AAA 



Example 6 


Sod ium persu 1 f a te 
J Su i fur ic ac id 

2.4-Diamino-6-mechy i tr )32 
j Ion-exchanged water 


165.0 
30.0 
me 2.0 
3a lance 


i 

1 4.0 

i 

i 


i 

j A.A.A-B33 

I 

1 


Example 7 


j Ammonium persulfate 
Su 1 f ur l c acid 
4 -Me thy 1 imidazo le 
ion-exchanged water 


200. C 
30.0 
2.0 
Ba lance 


~i 

i 

! 0.9 
t 

I 


1 

| AAA 


Example 8 


Ammonium persulfate 
Sulfuric acid 
2-Methy 1 imidazo le 
Amidosu lfur ic ac id 
Ion-exchanged water 


165.0 
30.0 
2.0 
10.0 
Ba lance 


i 

i . i 


AAA 
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TABLE 1 ; Lorn mued) 



Component (g/l) 


speec j Rust 

^ ^.<-.- Ill ... , j . , |:Jo L , u ; I 


Comparative! Sodium persulfate 165.0 
Example 1 | Sulfuric acid 30.0 

j ion-excnanged water Balance 


0.? 


CCC 


Comparative! Sodium persulfate 165.0 
Example 2 ! Su 1 funic ac id 30.0. 

j Genzotr iazo le 2.0 
i icn-exchanoed water Balance 


0.2 


I 

AAA 


Compara t i ve 
Example 3 


J Sodium persulfate 165.0 
Su 1 fur ic ac id 30. 0 
1 ,2-4-letrazo ie 2.0 
Ion-exchanged water 8a!dnce 


2.2 


CCC 


Compara t i ve 
Example 4 

i 


Sodium, persulfate 165.0 j 
Sulfuric ac id 30.0 
Pyridine. 2.0 
Icn-exchanged water Baiance j 


0.3 

I 

J 




Compara 1 1 ve 
Example 4 j 
1 


Sod ) urn persu I fa te 200. 0 j 
Su i fur ic ic id 30. 0 

Ion-exchanged water Seience j 
— i 


0.3 ; CCC 
j 



SO 
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TABLE 2 







Component (g/1) 


Eichmg soeed (urn/mm) 


Decrease {%) 


5 






After preparation 


After 24 hours 


1 

i 




Example 9 


Sodium persullate 
Sulfuric acd 
d-iMethyiimidazole 
MethylsuMonic acid 
ion- exchanged water 


165 0 
30.0 
2 0 
100 
Balance 


2 5 


2 2 


1 

i 

■ 


lb 


Example 10 


Solium persullate 


165 0 


25 


2 4 


s 




Sulfuric acid 

<* -Mof hyiimifij7r>lo 

AmidosuMunc acid 


30 0 
2 0 
10 0 








20 




Ion-exchanged water 


Balance 










Example 1 1 


Sodium persuttate 
Sulfuric acid 


165.0 
30.0 


2.5 


2 1 


■ 16 ! 

1 
i 

I 


25 




4-Methylimida2ole 
Taurine 

Ion-exchanged water 


20 
10.0 
Balance 






1 
i 

i 




Example 12 


Sodium per sulfate 


165 0 


1.0 


1 0 


0 


30 




Sulfuric acid 
4-Methylimidazole 
Arrudosulfunc 3dd 


30 0 
20 
100 






\ 
I 


55 




ion-exchanged water J 


Saiance 




i 


I 


( 


Comparative Exarrrpfe 6 

c 

1 


Sodium persulfare 
sulfuric aod 
.2.4-Tetrazoie 


1650 
30 0 
2 0 


2 2 


I 4 


26 


40 


Ic 


)n exchanged water 


Balance j 




1 





' Ammoelhanesuifontc aod 



45 

Claims 

1. An etching solution for copper or copper alloys comprising. 

so (a) sulfuric acid. 

(b) a persulfate, 

(c) at least one compound selected from imidazole, imidazole derivatives, pyridine derivatives, tnazme. and 
tnazine derivatives, and 

(d) water. 

55 

2. The etching solution according to claim t. further comprising (e) amtdosutfunc acid or an aliphatic sulfonic acid 
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